GENETIC BARRIERS IN THE COSMANTHUS 

PHACELIAS 

(H YDROPH YLLACEAE) 


George W. Gillett 


Cosmanthus 


Guatemala to New York State and total 14 recogjiized species 
(Constance, 1949). Eleven of these occur noidheast of the 
Texas Gulf Coast over an extensive region in which no other 
phacelias are indigenous. This group, therefore, has a nota¬ 
ble degree of geographic unity. 


The appearance of additional 
acelias might seem redundant 


Cosmanthus 


visions accorded them by Gray (1875), Brand (1913), and 
Constance (op. cit.). However, the last revision was followed 
by a paper (Constance, 1950) that stressed three putative 
hybrid phylogenies within six species of the group and urged 
their investigation by breeding experiments. The current 
paper presents and summarizes a crossing program carried 
out with these six species and four additional ones in the 
Cosmanthus group. 

number is known for thirteen of the 
fourteen species in this group (Cave and Constance, 1947, 
1950). Of the ten species in the crossing program, eight. 


omosome 


fimb 


Michx.. P. 



Brand, P. hirsuta 


Small, P. paUdiflora (Engelm 


A. 


Gray, P. platycai'pa (Cav.) Spreng., P. purshii Buckl., and 
P. sfrictiflora (Engelm. & Gray) A. Gray, are charactertzed 
by nine pairs of chromosomes. Two species, P. dubia (L). 
Trel.; and P. maculata Wood, have five pairs. 

The four excluded species are: Phacclia bi})innafifida 
Michx.; P. glabra Nutt.; P. puJcherrima Const.; and P. ran- 
unadacea (Nutt.) Const. Each is a very distinct taxon. 
Phacclia bipinnafifida has the not-unusual chromosome com¬ 
plement of nine jiairs, but a disparity in chromosome number 
is noted for P. glabra (8 pairs) and P. ranuncidacca (14 


'Aided by gi’ants from the National Science Foundation. 
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pairs). No chromosome information is available for P. pul- 
chcrrima, a comparatively rare Mexican endemic. 

Plants of the following races were grown from seed in the 
greenhouse at East Lansing. Races of Phacclia liirsuta, P. 

P. ,'ifrictifiora, P. patiiliflora, P. dubia, and P. niaru- 
latci were also grown at Turku, Finland. 


SpecicH 


Seed Loc-alitii 


Documented by'^ 


P. 

P. 


'iefifl o 

t u U fl 0 


P. la.m 


San Patricio Co., Texas 


Gilletf 1257 
Gilleff 1216 
Gilleft 1217 


P. platyearpaVo\eim Tacana, Guatemala Beaman, 3200 

Nevada de Toluca, Mexico Glllett 1252 
P. hirmita Washington Co., Arkansas Glllett 1215 


P. <7 iI io ides 


Mi 


Gillett 1260 
Glllett 121U 

Glllett 1203 


P. purshii Sevier Co., Tennessee 

Butler Co., Ohio 
P. flmbrlata Swain Co., North Carolina Glllett 1207 

Sevier Co., Tennessee Glllett 1213 

P. maeulata Lancaster Co., South Carolina Glllett 1208 

P. dubia Dai-e Co., North Carolina Glllett 1262 


Some species of Phaeella are protandrous (with the 
anthei’s dehiscing- before the stigmas are receptive), so that 
a seed-set is rarely obtained by pollinating newly-opened 
llowers. Consequently, flowers of proposed ovulate parents 
were emasculated just befoi-e anther dehiscence, labeled with 
a jeweler’s tag, and pollinated two days latei-. Self-pollina¬ 
tions l)y this method produce viable seed in all species, so 
that the expei-imental cross-pollinations provide reliable 
tests of genetic compatibility. Stig-mas were examined by a 
15 X hand lens to verify their freedom from contaminating 
pollen befoi-e experimental cross-pollinations were made. 

Capsules fiom cross-jiollinated flowers wei’e hai'vested at 
dehiscence and placed in stoi-ag'e for approximately three 
months. Products from a given cross, including seeds with 
obviously retai-ded development, were then placed on stand- 


■Voucher specimens dejiosiled at. the Herbarium of the University 
of California, Rei'keley. 
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ard germination paper in a petri dish and moistened with 
0.2% KNOa, a solution that produces favorable germination 
in these species. Petri dishes were covered and placed in a 
growth chamber with alternating periods of 20° centigrade 
(16 hours) 30° (8 hours). Upon germination, seedlings 
were planted in a mixture of equal parts of screened sand 
and peat in 3-inch clay pots. These were watered from below 

until cotyledons emerged and expanded. 

All of the species were studied in native habitats, and the 
variability of each species was studied by the examination 
of several hundred herbarium specimens.^ 

The comparative morphology of seeds and glandular tri- 
chomes has provided helpful guides to evolutionary relation¬ 
ships in Phacelid (Gillett, 1960), so that it was appropriate 
to study the seeds and trichomes of the Cosmanthus group. 
Seed morphology, including seed size and shape, seed coat 
sculpturing, and embryo form and size, was determined for 
all species. Glandular trichromes were studied from whole 
mounts of living material. 

All these species are self-fertile, and all are outcrossers 
except Phacelia purshii which is self-pollinated. The results 
of breeding experiments are presented in Table 1, the data 
summarized in terms of the number of ovules tested in the 
seed parents. The number of seeds produced by self-polli¬ 
nated flowers of the seed parent was taken as a reasonably 
conservative approximation of the number of ovules avail¬ 
able for cross-fertilization. The number of seeds per cap¬ 
sule was determined as the median complement of seeds 
from 5 to 30 capsules. 

The experimental crosses were made to determine genetic 
affinities and to test channels of potential gene flow among 
the 10 species in the group. All 45 potential channels have 

^Appreciation i.s extended to herbarium curators at the Chicago 

Natural History Museum: Gray Herbarium of Haryard Uniyersity; 
Michigan State University; Missouri Botanical Garden; New York 
Botanic Garden; Smithsonian Institution; University of California, 
Berkeley; University of Michigan; University of Texas; and the 
University of Wisconsin for making- herbarium specimens available 

for this study. 
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been tested, 39 of these by reciprocal ci-osses. Of the possi- 

l)Ic? conib'iiiatioiis, only the one between Phucclia hirsufa and 

1\ (//lioidcs was found conclusively to permit ^ene How. Fei- 

tile P 1 and P ^ hybrids wei’e obtained from this cross. It must 

be emphasized that the genetic barriers indicated in Table 1 

are relative and not necessarily absolute. They may i-estrict 

gene How, but may not be caj)able of stoi)ping it completely, 

especially if large numbers of flowers ai*e ci-oss-pollinated in 
the natural habitat. 

Seed moi’|)hology contributes sig'uiHcant evidence of re¬ 
lationships in this group. The uniformly larger, keeled seeds 
of Ph(ic< ha finibnata and P . are consistently distin¬ 

guishable from the much smaller, angular to ovoid seeds of 
the othei spc'c^ies in the grouj). The unitoi’mly larger se'eds 

of P. limbriata are distinguishable from those of P. purshii 
in mixe^d samples. 


The i-emaining eight si)ecies can be classified into two 
gi ouj)s on the basis ot seed charactc^rs! those specie's in whie*h 
the see'd coat sculptui’ing is registered on the endospe'rm 
O'ecognizable with a hand lens), including Pharvlia patuli- 

/ . sf net if lord, and P. Id.vd; and those sj^ecie's in which 
the seed coat sculpturing is not registered on the endosperm, 
including P. pldtycarpa, P. dubid, P. nidculdfd, P. (lilioides, 
and P. hirsdtd. The seeds of P. patidiflord, P. sfricfiflora 
and P. IdXd ai-e similar in size, shai)e (angulai- to ovoid), 
and seed coat design (Fig. 1, a, b). These thi-ee si)ecies have 
a common chiomosome number, occur in the same I'egion, 
and have other morphological similaiities that suggest a 
common evolutionary line. In the second group, seeds of P. 
pldfj/cdrpd ai-e distinguished by a relatively large embryo, 
over 1 mm. long (Fig. 1, h). Seeds of the remaining four 
species P. dnbia, P. mdvutata, P. pitioidva, and P. hiraiitd are 
remai-kably similar in size, shape (angular), seed coat de¬ 
sign, and embryo morphology (Fig. 1, c, d, j, k). However, 
the dispai-ity in chromo.some number between P. dtibia and P. 
Didculafa i n — 5), on the one hand, and P. (p'lioidi s and P. 
hirsiifd (n — 9), on the other, suggests that these similari¬ 
ties in seed are expressions of parallel evolution in ( -o dis¬ 
tinct lines. 
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Fij?. 1. a-k. Longi-sections of seeds showing endosperm sculpturing 
and embryo morphology; a, Plnwelia pahdiflora, Gillett 1210; b, P. 
strictiftora, Gillett 


12 SI 


c, P. hirsuta, Gillett 1215; d, P. gilioides, 
Gillett 1200; e, P. laxa, Gillett 1217; f, P. fimbriata, Gillett 1207; g, 
P. purshii, Gillett 1214; h, P. platycarpa, Beammi 0200; j, P. wacu- 
lata, Gillett 1208; and k, P. (hihin, Gillett 1202. 
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The glandular trichomes, or colleters, of all ten species 
are characterized by unicellular heads and uniseriate stalks, 
a type found in several other phacelias. 


t ield studies and the examination of extensive herbarium 
collections have provided supporting evidence for most of 
the genetic barriers indicated in the crossing program. Six 
of these species, including Phacelia dubia, P. fimhnaia, P. 
laxa, P. maciilata, P. plat year pa, and P. }mrshii, are in each 
instiince distinct from other phacelias. While each of these 
has its own range of variability, I have found no indication 


that this is caused by hybridization with any other species. 

InteiTnediates between Phacelia glliokles and P. hirsnta 

occur frequently in nature, and have been produced from ex- 

perimental crosses. Variability of the natural hybrids is so 

extensive as to effect a complete intergradation between the 

two species. In nature, these portray a single, genetically 
isolated complex. 

The two remaining species, Phacelia pafuliflora and P. 
stvietifiora, also blend into each other through intergrading 
forms. These is evidence, therefore, that natural hybridiza¬ 
tion has occurred between these species even though it was 
not possible to secure experimental hybrids. This suggests 
that the internal genetic barrier is relatively weak and is 
easily bridged when sufficient numbers of flowers are cross- 
pollinated in nature. These two intergrading species also 
appear to constitute a genetically isolated complex. 

The three hybrid phylogenies cited by Constance (1950) 
are listed below. 


PARENT 

1. P. strietiflora 

var. lundMliana 

2. P. patidiflora var. 
teueriifolia 

3. P. hi r silt a 


PUTATIVE HYBRID 

P. strieti flora var. 
7‘obbinsii 

P. ixitiiliflora var. 
patul iflora 
P. (filioides 


PARENT 

P. hirsnta. 
P. laxa 
P. pnrshii 


The fiist pioblem cited above involves variable and inter¬ 
grading races of Phacelia strietiflora. The race of P. stricti- 
flora grown in this study would correspond more nearly to 


1964] 


Cosmanthus — Gillett 


365 


var. lundellkma. No hybrids were obtained in the limited 
crosses between this material and P. hirsuta seed parent, 
and studies of herbarium material revealed no natural hy¬ 
brids between P. strictifiora and P. hirsuta. Several her¬ 
barium collections include mature seed. Variability in seed 
structure in no way suggests gene flow into P. strictifiora 
from P. hh'suta, or in the reverse direction. Seed differences 
between these two species are qualitative rather than quan¬ 
titative. A similar qualitative difference is noted in the 
calyx whch is accrescent in P. st7‘ictiflora and non-accrescent 
in P. hirsuta. In summary, the results of this study indicate 
that P. hirsuta has not contributed genes to the hig'hly varia¬ 
ble P. shictifloi'a. 


The second problem involves highly variable and inter¬ 
grading races of Phacelia patuliflora. The race of P. patuli- 
flora grown in this study would correspond most nearly to 
var. patuliflora. Extensive crosses from P. laxa to the P. 
patuliflora seed parent produced no hybrids, and sufficient 
ovules were tested to have revealed a very low compatibility, 
if such exists. Therefore, a relatively effective genetic barrier 
is indicated between the putative hybrid (P. patuliflora var. 
patulifloi'a) and one of its proposed parents {P. laxa). Pha¬ 


celia laxa is sympatric with P. patuliflora, its distribution 
falling entirely within the range of the latter, and popula¬ 
tions of the two species grow in close proximity in nature. 
However, I was unable to detect natural hybrids in her¬ 
barium material. Ecological, morphological, and genetical 
differences between these species would indicate that they 
have evolved independently of each other for some time. 


The proposed hybrid origin of Phacelia gilioides, with P. 
hirsuta and P. purshii as parental lines, is strongly suggested 
by corolla morphology for the crenulate-fimbriate corollas of 
P. gilioides seem clearly intermediate between the entire 
corollas of P. hirsuta and the strongly fimbriate corollas of 
P. purshii. However, the study of several differences, in¬ 
cluding seed characters, long-recognized to be among the 
most conservative in Phacelia, revealed qualitative differ¬ 
ences between P. purshii, on the one hand, and P. gilioides 
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and P. hirsuta on the other. These qualitative differences 


are correlated with 


imentally demonstrated internal 


genetic barriers. Additional evidence of the genetic integrity 


pui 


come 


rier. The study of herbarium material and of populations in 
nature has produced no evidence that the variability of P. 
purshii is caused by gene flow from P. gilioides, or that the 
variability of P. gilioides and P. hirsuta is related to gene 

P. purshii. Available evidence suggests that P. 


om 


purshii IS in a distinct evolutionary line and tliat / . guiomes 
and P. hirsuta constitute another. 

Crossing programs completed on 23 diploid species of 
Phacella, involving at least five major evolutionary lines 

(Sections Whitlavia and Gymnobythus, the P. franklinii 
group, P. linearis (a monotypic line), and the Cosmanthus 
group) indicate that speciation in this genus usually involves 
an internal genetic barrier. Where no internal genetic bar¬ 
rier has evolved, other barriei's are relatively weak, always 
permitting crossing in nature, presumably through the 
inconstant behavior of insect pollinators. Where taxonomic 
problems occur in these five groups (and there have been 
five such cases), they have been traceable to nalui'al hybridi¬ 
zation. 
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CHROMOSOME COUNTS FOR PASPALIJM’ 


Donald J. Banks 


I have made some additional chi*omosome counts during 
my studies in the g*enus Paspalum. None of the counts for 
the taxa reported herein, except P. lacvc, are recorded in the 
Chromosome Atlas (Darlington and Wylie, 1955) or in the 
Index to Plant Chromosome Numbers (Cave, 1956-1962). 
My counts of n = 40 for P. hicrc are different from 2n ~ 40 
which was repoi'ted by Brown (1948). 

The counts were made from pollen mother cells squashed 
in aceto-carmine after fixation in alcohol-acetic acid (8:1). 
Photomicrograjihs were made of cells with chromosomes 
distributed so that they were countable. Drawings, made by 

tracing enlargements of the photomicrographs, are ]ire- 
sented in Figures 1-5. 


'Conti'ibution No. 55 fi‘om the Stephen F. Austin State College 
Depactment of Biolopy. Part of this work was done at the Univci’sity 
of Texas Department of Botany while I was a National Science Foun¬ 
dation reseai'ch jiarticii^ant durinj? the summer of 1963. Thanks are 
due Dr. W. V. R rown foi- iirovidinj*’ facilities during’ the research 
jieriod. 
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4 

Fig. 1-5. Meiotic chromosomes of species of Paspahivi. Fig. 1. P. 
blodgettii. Fig. 2. P. caesjntosum. Fig. 3. F. fimbriaturn. Fig. 4. F. 

fluitans. Fig. 5. F. laeve. 

The voucher specimens are deposited in the Herbarium 
of Stephen F. Austin State College. The chromosome num¬ 
bers obtained are presented below: 



Species 

P. blodgettii Chapm. 



Fliigge 


Voucher Specimen n 

FLORIDA; Dade Co., 3.2 20 

miles s. of Florida City, 
Banks 12 US 

FLORIDA: Collier Co., 6 20 

miles n. of Rock Island, 
Banks 1198 
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P. fimbriafum H. B. K. 


P. fluitdns (Ell.) Kunth 


P. hu'vr Michx. 


FLORIDA: Monroe Co., 
Plantation Key, Banks 
1223 

TEXAS: Nacogdoches Co., 

5 miles s. and 7.2 miles 
e. of Cushing*, Banks 1!)1() 
GEORGIA: Clarke Co., 
Athens, Banks 1053 
TEXAS: Nacogdoches Co., 
Stephen F. Austin Ex¬ 
perimental Forest, 
Banks, 1913 


10 

10 

10 
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SOME OBSERVATIONS ON THE DISSEMINATION OF 

TRIPSACUM 


Walton C. Galinat and Frank C. Craighead 

The observations reported here on the dissemination of 
Tripsacum are the results of a continuing attempt to un¬ 
cover more information on this grass which might shed 
additional light on its evolutionary relationship with maize. 
In particular, we were interested in Tripsacum floridanum 
because it has certain features which are primitive for the 
genus. It is endemic to south Florida and crosses more 
easily with maize than do most other species of Tripsacum 
(Galinat, 1961). Since our previous collections of T. flori- 
danum had all been from Dade County and chiefly in the 
Everglades National Park, we set out to botanize for this 
grass in Collier County, an area of greater geolog’ical age 
than that of Dade County. 

On our trip westward along the Tamiami Trail in Collier 
County, we were able to make our first observations. They 
suggested water as a factor in the spread of Tripsacum. 
The relationship between the highway and a canal along 
one side, created by the road construction technique used in 
south Florida, made possible these observations. While we 
were driving westward, the canal lay on our side of the 
highway and, after a few checks for accuracy, we began to 
count colonies of T. dactylmdes, while traveling at a speed 
of at least 40 miles per hour, slower speeds being hazardous 
on this highway. The characteristic clumps of plants with 
arching, rather broad grass leaves together with scattered 
tall flowering canes bearing tassel-like inflorescences en¬ 
abled us to identify this plant with ease and rapidity. In 
one 25 mile long strip, we observed in this manner about 25 
colonies of Tripsacum. On the return trip along the same 
length of highway but on the other side which lacked an 
abutting canal, we observed only one colony of Tripsacum. 
It seemed possible that flotation along the canal, perhaps 
during periods of high water, had a role in spreading the 
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Tripsacum on the canal side and, thei*eby, resulted in its 
/lig^her frequency there. 

Other observations suggesting that water is involved in 

the spread of Tripsacum came from the distribution of T. 

flortdanum, the prime object of our trip to Collier County. 

This species is most frequently located at the margin of the 

slightly higher limestone where it protrudes into the marl 

land which characterizes the glades. It would seem that the 

Tnpsacum fruit cases float across the usually flooded glades 

and become established on the out-cropping of limestone 

which forms pine hammocks. The Tripsacum usually does 

not migrate far into the pine land from its beach head, 

unless the undergrowth, such as saw palmetto, is sparse, and 

unless the canopy is sufficiently open to permit penetration 
of diffuse to full sunlight. 


With these field observations in mind, we went to the 
laboi atory and readily demonstrated that the mature grain¬ 
bearing fruit cases of Tripsacum did, indeed, have this 
essential capacity to float on water. In this experiment, 
thiity-thiee fruit cases wei’e spilled out into a beakei* full of 
water. They immediately began to float, and during the 

following week only about a quarter of them sank, as shown 
in Table 1. 


Table I. The floating capacity of mature fruit cases of Tripmcum 

dactyloifles. 


Days on water 

0 


1 


3 

4 

5 

6 


Percent floating’ 

100 

5)4 

85 

82 

76 

73 

73 


Slight differences in the tightness with which the cupule 
wings clasj)ed the outer glume of the enclosed spikelet, 

hairs in the pulvinus notch 
thi’ough which watei* may enter and differences in the shape 

and thickness of the rachis segment appeal* to have affected 

the floating capacity of the fruit cases. If we assume that 
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a good floating capacity had some selective advantage as a 
means of dispersal, then the structure of the fruit cases may 

have been altered along these lines. 

We have also made a few observations on factors other 
than water which seem to be involved in the spread of Trip- 
sacum. During the few stops that we made along the 
Tamiami Trail drive, we noted that the seasonal mowing of 
the banks by the State Highway Department seemed to 
stretch the colonies out, as if by dragging from the mowers 
moving parallel to the banks. This mowing, furtheiTnore, 
seemed to aid the growth of Tripsacum by temporarily 
eliminating competition for light by other plants which 
made a slower recovery from being cut back. 

Fire, like the mowing, likewise seems to be important in 
keeping an area sufficiently open for Tripsacum, at least in 
the case of T. floridunum on pine land. The rhizomes of T. 
floriclanum are fairly fire-resistant and a regrowth of its 
shoots is frequently the first sign of green in a fire-blackened 
area. The numerous, tightly packed leaf bases of Tripsacum 
usually protect the growing points on the rhizomes from 
destruction by fire. Furthermore, the burning off of some 
of the mass of dead, usually wet, leaf bases seems to stimu¬ 
late new growth from the axillary buds. The sprouting of 
these buds may stem from both the physical removal of 
enclosing dead tissue as well as the removal of an unfavor¬ 
able chemical environment immediately around the growing 

points. 

Another most interesting means of dispersal of Trip¬ 
sacum came to light in a story related to us by a farmer, Mr. 
Glenn Simmons. Mr. Simmons was quite familiar with T. 
floridanum, in that a large growth of it occurs in the pines 
around his farm. He said that the local inhabitants fie- 
quently carried a pocket full of the fruit cases to chew when 
out on hunting trips in the Everglades. The fully matured 
Tripsacum fruit cases which are much too hard to chew 
were sometimes cracked open with the teeth and the grain 
shelled out for eating. But if the mature fruit cases were 
either swallowed whole or just discarded to the ground, they 
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migiit became effectively dispersed. At least in the case of 
teosinte, Garrison Wilkes (unpub.) reports that cattle do 
pass the fruit cases through the digestive tract and that the 
seed recovered from the manure remains viable. Man is 
known to have chewed teosinte for a considerable period of 


time. The senior authoi 


igments of a teo 


sinte fruit case in human coprolites from Romei*o’s Cave in 

F t ^ “I • « 


Tamaulipas, carbon-dated at 3650±250 years (E. 0. Callen, 
personal communication). 

The jiossibility that bii'ds such as ducks may be involved 
in the dispersal of Tnpsacum has also been considei’od. 
Expel iments are contemplated for testing this by feeding 
Tripsacuni fruit cases to chickens or domestic ducks and 

then sjn-eading the recovered dung out on the gi’ound wlnn-e 
any viable fruit cases may germinate. 

In the case of teosinte, the indig'o bunting, certain g'ros- 
beaks and sparrows in Guatemala consume the seed by 
shelling it out of the fruit case. The result is a complete 

ion and destruction of the seed (Stadelman, 1939). 
Isolated plants and small colonies of are oc¬ 

casionally found far removed from presently existing glades 
or othei- water sources. These exceptional plants may have 
been ti’ansported to such ])laces by other means or else they 
ma> I’opresent relic survivors fi’om ancient distributional 

I)attei’ns. 
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